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1

FUEL INJ ECTION APPARATUS FOR DIESEL
ENGINES

FIELD OF THE INVENTION

The present invention relates to a fuel injection appa-
ratus adapted for use in diesel engines, and more partic-
ularly relates to a novel arrangement for injecting a fuel
into a diesel engine for road vehicles with an optimum
injection timing.

BACKGROUND OF THE INVENTION

One conventional fuel injection apparatus used for
road vehicle diesel engines is known as a so-called
Bosch type fuel injection pump apparatus in which a
camshaft connectable to an engine is incorporated for
the purpose of driving plungers. The plungers are ar-
ranged in plunger barrels, respectively, so as to recipro-
cally move upon being driven by the camshaft. The
reciprocal motion of each plunger in the corresponding

plunger barrel pressurizes a fuel introduced into the fuel

injection pump apparatus. Thus, the pressurized fuel is
delivered to fuel injection nozzles which in turn inject
the fuel into each of cylinders of the diesel engine. Fur-
ther each of the plungers is formed, in the outer surface,
with a recess cooperable with a fuel inlet and outlet
opening formed in the corresponding barrel. Therefore,
by adjusting a positional relationship between the recess
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of each plunger and the fuel inlet and outlet opening of 4,

the corresponding barrel, the amount of fuel delivered
from the fuel injection pump apparatus to each cylinder
of the diesel engine can be adjusted. However, if the
above-mentioned conventional Bosch type fuel injec-
tion pump apparatus is employed, the amount of fuel
injected into each cylinder of the diesel engine cannot
be accurately regulated both at the moments of starting
and ending of each injection operation. That is, a tran-
sient change in the amount of fuel injected into each
engine cylinder occurs at the moments of starting and
ending of the injection operation of the fuel injection
pump apparatus. This fact often results in causing unsta-
ble combustion in the diesel engine. Accordingly, ex-
haust emission from the engine contains unfavorable
harmful components, such as hydrocarbon and carbon
monoxide. Further, in the conventional Bosch type fuel
injection pump apparatus, the cams on the camshaft are
formed as tangential cams. As a result, a change in the
torque of the camshaft occurs. Consequently, as the
cams of the camshaft drive the contiguous plungers, an
unfavorable noisy sound is generated.
- The other conventional fuel injection apparatus
adapted for use in diesel engines is described in the
Japanese Published Patent No. 52(1977)-37132. In ac-
cordance with the description of the Japanese Published
Patent, it 1s understood that some pressure-accumulat-
ing means is employed for overcoming the transient
change in the amount of fuel injected into each diesel
engine cylinder which change i1s encountered with the
first-mentioned conventional Bosch type fuel injection
pump apparatus. However, the this conventional fuel
injection apparatus requires a complicated the internal
structure for the pumping means used.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a fuel
injection apparatus for road vehicle diesel engines
whereby the above-mentioned defects encountered
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2

with the conventional fuel injection apparatuses are
obviated.

Another object of the present invention 1s to provide
a novel simple arrangement for injecting a fuel into
cylinders of road vehlcle diesel engines with optimum

“injection timing.

Other objects and further scope of appllcablllty of the
present invention will become apparent from the de-
tailed description given hereinafter; it should be under-
stood, however, that the detailed description and spe-
cific examples, while indicating preferred embodiments

of the invention, are given by way of illustration only,
since various changes and modifications within the

spirit and scope of the invention will become apparent
to those skilled in the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully under-
stood from the detailed description given hereinbelow
and the accompanying drawings which are given by
way of illustration only, and thus are not limitative of
the present invention, and wherein:

FIG. 1is a schematic view, in partial cross-section, of
a fuel injection apparatus according to a preferred em-
bodiment of the present invention;

FIG. 2 is a cross-sectional view of a fuel flow control
valve used in the apparatus of FIG. 1i;

FIG. 3 i1s a cross-sectional view taken along the line
III—III of FIG. 2, and; -

FIG. 41is a view taken on the llne IV—IV of FIG. 2
illustrating predetermined shapes of recesses formed in
a rotating valve element of the fuel flow control valve
of FIG. 2.

DETAILED DESCRIPTION OF THE
INVENTION

Referring now to FIG. 1 which schematically illus-
trates an entire arrangement of a fuel injection appara-
tus according to a preferred embodiment of the present
invention, a fuel injection pump 1 includes a camshaft 2
connectable to a diesel engine for road vehicles. The
camshaft 2 has mounted thereon cam discs (not shown)
and rotatable therewith. Therefore, when the camshaft
2 is rotated by the diesel engine, the cam discs of the

camshaft 2 operates so as to cause reciprocal motion of |

plungers (not shown) incorporated in the fuel injection
pump. Reference numeral 3 desxgnates a fuel tank for
storing a fuel therein. The fuel in the fuel tank 3 is sup-
plied, via a piping 4, into the fuel injection pump 1 by
the pumping action of a feed pump 4a. The fuel supphed
into the fuel injection pump 1 is pressurized in the pump
1 under reciprocating motion of the plungers and is then
delivered toward an accumulator 6 by way of a piping
5. The accumulator 6 has an accumulating chamber
therein for containing the pressurized fuel, and a check
valve 7 which 1s normally closed and is opened when
the pressure of the pressurized fuel in the accumulating
chamber reaches a predetermined level. When the
check valve 7 is opened, the pressurized fuel in the
accumulator 6 is returned to the fuel tank 3 via piping 8.
Therefore, the pressure of the pressurized fuel in the
accumulating chamber of the accumulator 6 is main-
tained at an appropriate level below the predetermined
level. The pressurized fuel in the accumulator 6 is deliv-
ered toward a fuel flow control valve 10 described later
in detail, via piping 9. The fuel flow control valve 10
operates so as to distribute the pressurized fuel toward
manifold elements 24 (only one manifold element 24 is
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shown in FIG. 1) via pipings 23. The manifold elements

24 deliver the pressurized fuel toward corresponding
fuel injection nozzles 44 so that the fuel is injected into
the diesel engine through the nozzles 44. In FIG. 1,

reference numeral 25 designates a delivery valve of 5

each manifold 24, and numeral 26 designates fuel return
pipings running from each manifold element 24 toward
the fuel flow control valve 10. Reference numeral 32
designates a mechanical governor attached to the fuel

flow control valve 10, described hereinbelow with ref- 10

erence to FIGS. 2 and 3.

FIGS. 2 and 3 illustrate the internal structure of the
fuel flow control valve 10. The control valve 10 has an
outer cylinder 11, a cylindrical bushing 12 received in
the outer cylinder 11, a rotor 13 connected to the cam-
shaft 2 by means of a suitable bolt-nut mechanism, and
a plug 33. The rotor 13 is rotatably fitted in the cylindri-
cal bushing 12 which in turn is axially and angularly
movably fitted between the outer cylinder 12 and the
rotor 13.

The outer cylinder 11 is formed with an inlet port 14
to which the afore-mentioned piping 9 from the accu-
mulator 6 (FIG. 1) is connected. The inlet port 14 of the
outer cylinder 11 is connected to a passageway 15
formed 1n the cylindrical bushing 12, via an elongated
counterbore 152 which is also formed in the bushing 12.
That is to say, due to the formation of the elongated
counterbore 15a, the inlet port 14 is always fluidly con-
nected to the passageway 15 even if the cylindrical
bushing 12 is axially or angularly moved from the posi-
tion shown in FIG. 2. The rotor 13 is formed with an
annular groove 16 which is always connected to the
passageway 15 of the bushing 12, and a fuel chamber 18
connected to the annular groove 16, via plural through-
passageways 17. One end of the chamber 18 is tightly
closed by the plug 33, via an appropriate sealing 34. The

rotor 13 is also formed with a recess 20 having a prede-

termined triangular shape as shown in FIG. 4. The
triangular recess 20 is always connected to the fuel
chamber 18 by means of a through-passageway 19. The
cylindrical bushing 12 is formed with through-passage-
ways 21 which are intermittently connected to the tri-
angular recess 20 of the rotor 13, respectively, while the
rotor 13 is rotating with the camshaft 2. The through-
passageways 21 are circumferencially arranged at an
equiangular space, and the number of said through-pas-
sageways 21 corresponds to the number of the cylinders
of a diesel engine to which the fuel injection apparatus
of FIG. 1 1s applied. Each of the through-passageways
21 1s always connected to adjacent delivery port 22
formed in the outer cylinder 11. Therefore, the number
of delivery port 22 also corresponds to the number of
the diesel engine cylinders. In the embodiment of FIGS.
2 and 3, eight through-passageways 21 and eight deliv-
ery ports 22 are formed. Each of the ports 22 is con-
nected to one of the manifold elements 24 (FIG. 1), via
the piping 23. Also, when the delivery valve 25 is
opened, each port 22 is fluidly connected to the corre-
sponding fuel injection nozzle disposed in one of the
diesel engine cylinders. Each port 22 is also fluidly
connected to an associated return port 27 formed in the
outer cylinder 11, via the manifold element 24 and the
piping 26 (FI1G. 1). Therefore, the number of the return
ports 27 of the outer cylinder 11 is the same as that of
the delivery port 22. Each return port 27 is always
connected to an adjacent through-passageway 28
formed in the cylindrical bushing 12. Accordingly, the
number of the through-passageways 28 of the cylindri-
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cal bushing 12 i1s equal to that of the return ports 27.
Each of the through-passageways 28 is intermittently
connected to a recess 29 formed in the rotor 13 while
the rotor 13 1s rotating with the camshaft 2. As shown in
F1G. 4, the recess 29 is shaped as a rectangular recess
which is inclined with respect to the axis of the cylindri-
cal bushing 12. The rectangular recess 29 of the cylin-
drical bushing 12 is also connected to a radial hole 29q
and an axial hole 30 both formed in the rotor 13. The
radial hole 294 and axial hole 30 are provided as a return
conduit for the fuel which is returned to the return ports
27 from the manifold elements 24 during the operation
of the fuel injection apparatus of the present invention.

With the above-described internal structure of the
fuel flow control valve 10, while the fuel injection appa-
ratus of the present invention is being operated, the
pressurized fuel is always supplied from the accumula-
tor 6 (FIG. 1) into the fuel chamber 18, via the piping 9
(FIG. 1), the inlet port 14 of the outer cylinder 11, the
counterbore 154 and the passageway 18 of the cylindri-
cal bushing 12, and the annular groove 16 and the
through-passageways 17 of the rotor 13. While the
rotor 13 performs one complete rotation along with the
camshaft 2, the triangular recess 20 is sequentially con-
nected to the through-passageways 21 of the cylindrical
bushing 12. Therefore, at the moment one of the
through-passageways 21 is connected to the triangular
recess 20, the pressurized fuel in the fuel chamber 18 of
the rotor 13 flows through the connected through-pas-
sageways 21 of the bushing 12 toward the correspond-
ing delivery port 22. Subsequently, the pressurized fuel
in the delivery port 22 flows toward the associated
manifold element 24 (FIG. 1), via the piping 23 (FIG.
1). When the pressurized fluid reaches the maniflod
element 24, the delivery valve 25 (FIG. 1) of said mani-
fold element 24 is opened by the action of the pressure
of the pressurized fuel, and thus the pressurized fuel
flows toward the associated fuel injection nozzle
through which the fuel is injected into the diesel engine
cylinder. From this stage, when the rotor 13 is further
rotated by an small angular amount, the through-pas-
sageway 21 of the cylindrical bushing 12, which has
been theretofore connected to the triangular recess 20,
1s disconnected from the recess 20 of the rotor 13. Con-
currently, the rectangular recess 29 of the rotor 13
comes into connection with one of the through-passage-
ways 28 of the bushing 12. As a result, at this stage, the
injection of the pressurized fuel into any of the diesel
engine cylinders is stopped, since none of the manifold
elements 24 is supplied with the pressurized fuel which
1s sufficient to open any of the delivery valves 25. On
the other hand, the return of the pressurized fuel from
one of the manifold elements 24 which has just stopped
delivery of the fuel toward the associated fuel injection
nozzle, 1s immediately commenced through the piping
26, the return port 27 of the outer cylinder 11 which is
connected to the rectangular recess 29, the through-pas-
sageway 28 of the bushing 12, the rectangular recess 29,
the radial hole 294, and the axial hole 30, toward the
fuel tank 3 (FIG. 1). Thereafter, when the rotor 13 is
further rotated until the triangular recess 20 is again
brought into a fluid connection with a subsequent one of
the through-passageway 21 of the cylindrical bushing
12, another injection of the pressurized fuel into one of
the diesel engine cylinders is carried out. Thus, while
the rotor 13 performs one complete rotation, the injec-
tion of the pressurized fuel is successively performed for
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eight times by the fuel injection apparatus according to

the embodiment of FIGS. 1 through 4.

The injection amount of the pressurized fuel and the
injection timing are adjusted as follows. That is to say,
the injection amount of the pressurized fuel is adjusted
by moving the bushing 12 in the axial direction of the
fuel flow control valve. As is obvious from the illustra-
tion of FIG. 4, when the bushing 12 is axially moved, a
time period for which each through-passageway 21 of
the bushing 12 meets with the triangular recess 20 of the
rotor 13 during rotating of the rotor 13 changes. This
change in the time period of meeting of each through-
passageway 21 with the triangular recess 20 contributes
to the adjustment of the injection amount of the pressur-
ized fuel, since the injection amount of the pressurized
fuel is changed depending upon the length of the above-
mentioned time period. For example, when the amount
of injection of the pressurized fuel should be increased,
the bushing 12 is moved in the axial direction shown by
an arrow “F” in FIG. 4. At this stage, it should be
understood that even if the bushing 12 is axially moved,
a time period for which each through-passageway 28 of
the bushing 12 meets with the rectangular recess 29
during the rotation of the rotor 13 does not change. On
the other hand, adjustment of the injection timing 1s
performed by circumferentially moving the bushing 12
with respect to the rotor 13. That is to say, if the bush-
ing 12 is circumferentially moved in a clockwise direc-
tion or counterclockwise direction about the axis of the
control valve 10 from an initially set position of the
bushing 12, the position that each through-passageway
21 of the bushing 12 begins to meet with the triangular
recess 20 of the rotor 13 while the rotor 13 is being
rotated, is changed. Due to this position change, any
desired adjustment of the injection timing can be
achieved. It should here be noted that the axial move-
ment of the bushing 12 is caused, for example, by a lever
35 which has a pawl 35q engaged with the bushing 12.
The lever 35 is connected to a floating lever 36 of the
‘mechanical governor 32 via a link arm 37. The mechani-
cal governor 32 is operatively connected to the rotor 13
of the fuel flow control valve 13 through a governor
shaft 38 having a connecting flange 382 which acts also
as a connecting flange of the plug 33. The connecting
flange 384 is rigidly fixed to an end face of the rotor 13,
via a sealing member 39, by means of an appropriate
means, such as screw bolts as shown in FIG. 2. As a
result, it will be understood that the mechanical gover-
nor 32 can operatively be associated with the diesel
engine to which the fuel injection apparatus of the pres-
ent invention is applied, via the rotor 13 and the cam-
shaft 2 of the fuel flow control valve 10. Consequently,
the mechanical governor 32 controls the axial move-
ment of the bushing 12 via the floating lever 36, the link
arm 37, and the lever 3§, in response to a change in the
operating condition of the diesel engine.

On the other hand, the circumferential movement of
the bushing 12 of the fuel flow control valve 10 1s con-
trolled by an appropriate electric or hydraulic motor 40
having, on its output, a worm screw engaged with a
partial gear teeth formed on the outer surface of the
bushing 12. The motor 40 is arranged so as to be driven
by a control signal related to the operating condition of
the diesel engine.

From the foregoing description of the preferred em-
bodiment, it will be understood that according to the
present invention, the fuel to be injected is pressurized
by the injection pump and is accumulated in the accu-

- 6
mulator so that the pressure of the fuel is always main-

tained at a constant level. Therefore, when the pressur-
ized fuel is distributed by the fuel flow control valve

- toward each injection nozzle of a diesel engine, no tran-
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sient change in the flow amount of the pressurized fuel
occurs. Therefore, an unfavorable transwnt change in
the injection amount of the fuel does not occur in each
cylinder of the diesel engine, at the moment of startmg
and ending of the injection operatlon Accordmgly, in

the diesel engine to which the fuel injection apparatus
of the present invention is applied, a stable combustion

- of the fuel always takes place. As a result, unfavorable

hydrocarbon and carbonmonoxide contained in the
exhaust emission from the dlesel englne is conmderably
decreased. | o

 Further, in the apparatus of the present invention, the
m_]ectlon pump 1 is employed for only the purpose of
pressurizing the fuel to be injected to a desired pressure
level. Therefore, the cam discs used in the injection
pump can be formed of eccentric cam discs having
small torque fluctuation. Therefore, during the pressur-
izing operation of the injection pump 1, no appreciable
noise is generated. Further the employment of a single
common fuel control for plural cylinders of the diesel
engine can contribute to reducing the entire size and
shape of the mjectlon fuel apparatus used for diesel
engines. -

The invention being thus described, it wn]l be obvious
that the same may be varied in many ways. Such varia-
tions are not to be regarded as a departure from the
spirit and scope of the invention, and all such modifica-
tions as would be obvious to one skilled in the art are
intended to be included within the scope of the follow-
ing claims.

What is claimed is:

1. A fuel injection apparatus for usc in a diesel engine
comprising:

a multi-type plunger pumping means for pressurizing

a fuel to be supplied from a fuel tank into cylinders
of the diesel engine;

accumulator means for accumulating a quantity of

pressurized fuel supplied from said multi-type
plunger pumping means;

control valve means for successwely distributing said

pressurized fuel from said accumulator means to
said cylinders of said diesel engine;

said control valve means including a fixed outer hous-

ing with a plurality of inlet ports and outlet ports
positioned around the outer circumference thereof
and a cylindrical bushing means rotatably and axi-
ally movable within said outer housing in response
to operating conditions of the diesel engine, said
bushing means including a plurality of inlet and
outlet passageways which are adjustably aligned
with said ports to permit said pressurized fuel to be
- supplied therethrough; -
said control valve further including a rotatable rotor
means with a plurality of through-passageways
which are intermittently connected to said passage-
ways in said bushing means to permit said pressur-
ized fuel to be intermittently supplied there-
through, said rotatable rotor means being opera-
tively connected to said diesel engine to rotate
therewith, and including a fuel chamber for receiv-

ing said pressurized fuel from said accumulator -

means through a fuel inlet port in said outer hous-
ing and through-passageways in said cylindrical
bushing means and said rotatable rotor means, said
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fuel chamber being in constant communication
with said accumulator means and being succes-
sively connected to each of said fuel outlet ports
during the rotation of said rotatable rotor means,
said rotatable rotor means including a fuel outlet
through-passageway in communication with said
fuel chamber and a triangular shaped recess on an
outer surface of said rotatable rotor means;
said bushing means being rotatably and axially adjust-
able relative to said rotatable rotor means to con-
trol injection timing and fuel quantity supplied
through said control valve to said diesel engine
cylinders by adjusting the exposure of said triangu-
lar shaped recess relative to one of said outlet pas-
sageway 1in said cylindrical bushing means; and

fuel injection nozzles, each being disposed adjacent to
one of said diesel engine cylinders and being in
fluid communication with said control valve means
for injecting said pressurized fuel distributed by
said control valve means into said cylinder of said
diesel engine.

2. A fuel injection apparatus as set forth in claim 1,
wherein said pumping means includes a feed pump for
introducing said fuel from said fuel tank into said pump-
ing means.

3. A fuel injection apparatus as set forth in claim 1,
wherein said accumulating means comprises an accu-
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mulating chamber for receiving therein said pressurized
fuel to be accumulated and a check valve element pro-
vided for said accumulating chamber for permitting said
pressurized fluid to return to said fuel tank when the
pressure of said pressurized fuel in said accumulating
chamber reaches a predetermined level.

4. A fuel injection apparatus as set forth in claim 1,
further comprising manifold elements, each being dis-

posed between said control valve means and one of said
fuel injection nozzles, said each manifold element hav-

ing therein a delivery valve for delivering a predeter-
mined amount of said pressurized fuel toward corre-
sponding one of said fuel injection nozzles.

5. A fuel injection apparatus as set forth in claim 4,
wherein said manifold elements have a port connected
to a return line through which an excess amount of said
pressurized fuel other than said predetermined amount
of said pressurized fuel is returned to said fuel tank via
said control valve means.

6. A fuel injection apparatus according to claim 5,
wherein said return line of said manifold elements is
connected to a return port positioned on the outer cir-
cumference of said fixed outer housing, said return port
being in communication with a rectangular recess on an
outer surface of said rotatable rotor means to control

the quantity of fuel returned to said fuel tank.
2 2 B & =%
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